ABSTRACT -The goal of this study was to evaluate the occurrence of weeds after soybean harvest in rotational systems of no-till and conventional tillage in the savannah of Roraima, Brazil. Two simultaneous experiments were conducted in adjacent areas, the first one with no-till soil management system and the second one with the conventional system, with crop rotations for five agricultural years: pearlmillet (2007/2008), soybean (2008/2009), maize (2009/2010), cowpea with maize (2010/ 2011), soybean (2011/2012) and maize (2012/2013). The used experimental design was the randomized block one with 28 plots, sized 3 x 15 m (45 m 2 ) distributed in 4 blocks. In May 2010, the combined sowing of cowpea and maize was performed, and later, during the same month of 2011 soybean was sown. Thirty days after harvesting, weeds were collected. The botanical classification of species was performed by classes, families, scientific and popular names, as well as comparisons with specialized bibliographies. The evaluated phyto-sociological parameters were: relative frequency (FRR), relative density (DRR), dominance (Do), importance value index (IVI), Sorensen's similarity index (SI), numbers of individuals (ha -1 ) and dry mass (%). Among the 37 species found in both planting systems, 60% belonged to the Liliopsida class; Fabaceae and Malvaceae stood out. However, Poaceae, belonging to the Magnoliopsida class, had the highest number of species in both systems. Most weed species were common in both systems.
INTRODUCTION
Soybean is the main agricultural culture in Brazil, which is the second biggest world soybean producer. Its production was 85.4 million tons in the 2014/2015 harvest, a 12% growth in relation to the previous one (82 million tons) (Conab, 2016) . Its grain is rich in proteins, and the plant may be used as green manure, fodder, silage and pasture. Soybean is used mainly for the extraction of vegetal oil and bran.
While still taking the first steps towards its growth in the Brazilian agricultural production, the state of Roraima is leading to the productive development of its main exportation product: soybean. During the 2014/2015 harvest, the planted area was 16 thousand hectares, whereas during the 2015/2016 one, producers sowed 25 thousand hectares, with a 40% increase and a harvest of over one million bags (Correia, 2015) .
Roraima's cerrados include 4 million hectares and are located in the Center-Northeastern part of the state, which is a part of the main area of the savanna in Northern Amazon, reaching the extreme North of Brazil, Guyana, Venezuela and Colombia. The relief is mainly plain to slightly undular; the predominant soils are Argisol and Latosol (Melo et al., 2010) .
The no-till system is considered to the most important for the sustainability of Brazilian agro-ecosystems (Crusciol et al., 2010; Franchini et al., 2012; Nascente et al., 2013) . Currently, it is estimated that this system in used in 75% of the area occupied by annual grain cultivations in Brazil (Embrapa, 2015) . This technology is based on the implantation of cultures with no previous soil preparation, over the culture remains of the previous cultivation.
Culture rotation allows changing the composition of weeds, allowing the population reduction of some species. In Roraima, the soybean production system in no-till has been widespread for a few years. This culture represents an alternative for the agricultural use of cerrado areas, since it presents good adaptation to the local edaphoclimatic conditions, has good economic value, allows the rotation of cultures and is provided with production technologies (Embrapa, 2009 ).
The practice of conventional tillage management systems creates a proper environment for the appearance of resistant infesting species and changes in its flora. The sustainability of a production system (no-till and conventional tillage) is not only based on environmental conservation and preservation aspects, but also in economic and commercial ones (Epamig, 2010) . According to Soares et al. (2011) , any change in the soil management system (conventional, no-till, minimum cultivation, cultures used in culture rotation) generally causes great impact in the diversity and quantity of weed population.
The competition with weeds is one of the factors that most affect the development and productivity of soybean cultures, since they hinder harvesting and are a shelter for pests and diseases and harmful allelopathic actions, causing a decrease of up to 80% in the culture productivity (Constantin et al., 2009; Correia and Durigan, 2010) . The identification of weeds in planting areas allows verifying the qualitative and quantitative differences of the found species (Santos et al., 2016) .
In each harvesting period, some species stand out because of various factors, among which: species characteristics, climate, seed bank, culture development, control period and adopted planting system (Albuquerque et al., 2013 (Albuquerque et al., , 2014 .
The state of Roraima is a distant area from great soybean, rice and maize production centers, and therefore it struggles with high costs and lack of materials (especially herbicides, insecticides and manure) and with the slow technology diffusion. However, it is extremely important that 3 weed surveys are conducted over cultivations, in order to have greater representativeness of the invading species (Cruz et al., 2009 ).
The progress of phyto-sociological studies has been happening slowly and not at the same time as different research groups of the country. Generally speaking, one of the main reasons of this difference is due to the low number of researchers acting in this area, in different regions of Brazil (Giehl and Budke, 2011) , especially in Roraima. In the agronomic point of view, knowing species diversity is essential to understand the dynamics of weeds and agricultural crops. In spite of this importance, few works were published about surveying weeds in this state (Cruz et al., 2009; Albuquerque et al., 2013 Albuquerque et al., , 2014 Oliveira et al., 2015) .
The goal of this work was to evaluate the occurrence of weeds after the harvest of soybean in rotational systems of no-till and conventional tillage in Roraima's cerrado.
MATERIAL AND METHODS
Two experiments (no-till and conventional tillage) were implanted during the agricultural years 2007/2008, 2008/2009, 2009/2010, 2011/2012 and 2013/2014 C= organic carbon; m = saturation by Al; V = saturation by bases; Dens. = soil density.
The experiments were installed in adjacent areas (no-till and conventional tillage systems), simultaneously, in areas with crop rotation: pearl millet; soybean; maize; cowpea with maize; soybean and maize ( Table 2 ).
The experimental design (both experiments) in randomized blocks was used, with 28 experimental units, sized 3 x 15 m (45 m 2 ), distributed in four blocks.
In the first stage of the experiments (2007/2008) , plant material (native plants) was left as soil covering in the no-till plantation system. In the management of vegetation with desiccation, the active ingredient glyphosate was used (commercial product Roundup Original in doses of 2.5 and 200 L ha -1 mixture volume), by using a manual back sprayer, applied before the implantation of the initial culture (pearl millet). After completing its cycle, straw was left on the floor, in order to be used in the planting of the following cultures. In May 2010, the mixed planting of cowpea and maize was performed and, subsequently, in May 2011, soybean was implanted; after 30 days from its harvest, weeds were collected.
As for weed samples (harvest), an iron square was used, welded at the edges, sized 0.50 x 0.50 m, randomly launched 32 times in the soybean culture part, during both experiments. The collected species were cut close to the soil level (with the help of pruning shears and a machete), separated, identified and quantified through the sum of two samples per experimental unit.
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Initially, the botanical classification of the species was performed, by class, family, scientific name and common name, through the comparison with specialized biographies. The botanical nomenclature was based on APG II, according to Souza and Lorenzi (2008) . The descriptive analysis of the following phyto-sociological parameters was performed: relative frequency (Frr) = species frequency x 100/total frequency of all species; Relative density (Drr) = species density x 100/ total density of all species; dominance (Do) = species dry mass x 100/total dry mass of all species; and importance value index (IVI) = Fr + Dr + Do (Brandão et al., 1998) . In order to obtain dry mass, species were placed in Kraft-type paper; subsequently, all papers with already organized plants were taken to a forced air circulation oven at 59 o C, in order to obtain dry mass with a precision scale.
In order to analyze the Similarity Index (SI) of weeds in no-till areas (area A), conventional tillage areas (area B) and with common species in both areas (area C), the following formula was used: SI (%) = (2C/A+B) x 100 (Müeller-Dombois and Ellenberg, 1974) . The number of individuals (ha -1 ) and dry mass (%) were estimated and the propagation type, life cycle and growth habits of weeds were described, according to works conducted by Albuquerque et al. (2013 Albuquerque et al. ( , 2014 and Oliveira et al. (2015) .
RESULTS AND DISCUSSION
In both experiments (no-till and conventional tillage), 37 weed species were found; among them, 60.16% belong to the Monocotyledon class, where the Fabaceae and Malvaceae families stood out, with 26.08% each one (Table 3 ). Other studies conducted in Roraima's cerrado have confirmed the species number predominance of the Fabaceae family (Cruz et al., 2009; Flores and Rodrigues, 2010; Albuquerque et al., 2013 Albuquerque et al., , 2014 .
In spite of the fact that most species belong to the Monocotyledon botanical family, the Magnoliopsida class presented a higher number of species, and Poaceae (Gramineae) stood out in relation to the number of species, with a percentage of 32.43% (Table 3 ). In works conducted by Albuquerque et al. (2013) , while evaluating the incidence of weeds in the maize culture after soybean in Roraima's cerrado, nine families were identified; the highest occurrence belonged to Poaceae, Fabaceae, Malvaceae and Cyperaceae, supporting the results from this research. According to López-Ovejero et al. (2016) , when the culture before soybean is maize, generally the presence of volunteer maize plants reduces soybean production; however, in the experiment there were practically no volunteer plants from the previous culture (maize).
Poaceae are frequently found in weed surveys around Northern South America's cerrados, whereas Cyperaceae are more frequent in the state of Roraima than in other cerrados in Central Brazil (Miranda and Absy, 1997) .
As for the two managing systems, 37 weeds species were found: 11 species in the conventional tillage, 14 in the no-till and 12 species were common in both managements. According to Pacheco et al. (2016) , the quantity and diversity of the seed bank in the soil may change the results about soil management and used production systems. The calculated similarity index (SI) was 96% (Figure 1 ). It is expressed in percentage, being maximum (100%) when all species are common to the two areas and minimum (0%) when there is no common species (Sorensen, 1972) . According to Felfili e Venturoli (2000) , this index may be considered elevated when it is higher than 50%.
Firstly, the variables from the conventional tillage system were discussed. In Table 4 , it is possible to observe that the species Digitaria sanguinalis (hairy crabgrass) and Ischaemum rugosum (wrinkle grass) presented higher values as for number of individuals (3,270 and 1,770 ha -1 , respectively), dry mass (145.12 and 328.18%, respectively) and as for the phyto-sociological parameters in the conventional tillage system. Digitaria sanguinalis presents high germination power; it is a very aggressive plant. Its seeds are covered in hair and are easily transported by the wind (Souza and Lorenzi, 2008) . This species sexually propagates in a controlled way during the young stage; it presents good control. However, in the adult stage, when it presents rhizomes, the chemical control with glyphosate herbicide become ineffective. Ischaemum rugosum appeared only in the conventional tillage system, since it is a recently-introduced weed, but considered common in various regions.
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In the conventional tillage, within the main five species in the Poaceae family, Digitaria sanguinalis, Ischaemum rugosum and Paspalum notatum, with RVI's of 23.36%, 23.31% and 7.73%, respectively (Table 4) . Digitaria sanguinalis, Ischaemum rugosum and Paspalum notatum presented higher importance in the area, corresponding to 54.4% of the total relative importance value index. Digitaria sanguinalis stood out for its high relative density (Dr = 40.9%), that is, for the high number of individuals in the samples. Ischaemum rugosum stood out for its elevated dominance (Do = 33.35%), that is, for the elevated dry mass of its individuals in the samples, indicating large-sized individuals. Paspalum notatum is the third most important species in rotational conventional tillage areas, followed by Desmodium tortuosum and Sida spinosa, with 5.72% and 5.65% RVI's. Another 11 species had RVI's between 1 and 5%, and moreover, seven species presented lower than 1% RVI (Table 4 ).
In the conventional tillage area, a total of 23 species was found, and in the no-till area they were 27, practically the same species number in both managements. However, none of them presented a higher than 20% RVI. Chamaesyce hirta was the most important species in the area, presenting a 15.3% RVI, followed by Paspalum notatum, with 12.49%, and Ipomoeara mosissima, with 10.75%. Four species had an RVI between 5 and 10%, ten had an RVI between 1 and 5% and nine had a lower than 1% RVI in this soil management system (Table 4) .
Of the five main species in conventional tillage RVI, four were also found in no-till areas, with the exception of Ischaemum rugosum, which was not found in any sample from no-till areas. Digitaria sanguinalis and Desmodium tortuosum had their importance reduced by 23.36% and 5.72% respectively in the conventional tillage to 7.75% and 0.92% in the no-till planting, whereas the importance of Paspalum notatum increased by 7.73% in the conventional tillage to 12.49% in the no-till system. Gomes and Christoffoleti (2008) stated that since the seed quantity in the soil bank seed of no-till soil is high, seeds that germinate and become competitive can be considered very low. Straw left over the soil by the no-till system generally becomes a barrier, inhibiting the germination of some weed species, by physical, biological and chemical processes (Müller et al., 2012) .
The importance of Sida spinosa remained the same in both planting systems (5.65% for CT and 5.53% for NT) ( Chamaesyce hirta and Ipomoeara mosissima were also present in both soil management systems, but they gained importance in the no-till system, going from relative importance value indices of 3.59% and 3.36% to 15.30% and 10.75% RVI's, respectively (Table 4) .
Spermacoce verticillata, Sorghum halepense and Malvastrum coromandelianum were not present in conventional tillage areas, but they had an importance of 6.04%, 3.56% and 3.16%, respectively, in no-till areas (Table 4 ). In the no-till system, weed seed germination may be caused by changes in the soil temperature; there are species whose germination is stimulated by the increase in soil temperature, occasioned by the straw on the surface (Gomes and Christoffoleti, 2008) . Ischaemum rugosum stood out for its elevated dominance (Do = 33.35%), that is, for the elevated dry mass of its individuals in the samples, indicating large-sized individuals. Paspalum notatum is the third most important species in rotational conventional tillage areas, followed by Desmodium tortuosum and Sida spinosa, with 5.72% and 5.65% RVI's. Another 11 species had RVI's between 1 and 5%, and moreover, seven species presented lower than 1% RVI (Table 4 ). In works conducted by Albuquerque et al. (2016) with cultures of soybean, maize and rice in conventional tillage and no-till, results demonstrated that there was significant interaction between soil management systems and production systems in the population and dry mass of weeds during all evaluation periods (17, 47, 111 and 177 days after desiccation).
In relation to the botanical families of the species found in the areas, it is possible to notice higher family variability in the no-till specifically (10) in comparison with the conventional (Figure 2A, B) . The main found botanical family, not only in species number (12), but also in accumulated importance value index, was Poaceae with 66.5% in the conventional tillage ( Figure 2A ) and 38% in no-till ( Figure 2B) . It is also possible to consider the Fabaceae, Malvaceae and Euphorbiaceae families as important. According to Jakelaitis et al. (2003) , the presence of straw on the soil surface before planting may also modify the conditions for seed germination and the emergence of seedlings, due to the physical effect of covering and the release of allelopathic substances.
Morning glory (Convolvulaceae) and coco-grass (Cyperaceae) were problematic mainly in the no-till, where the effect of straw partially contained the infestation from Poaceae ( Figure 2B ).
In Table 5 , it is possible to observe that, among weeds found in both planting systems, the seed propagation method (76%) and the life cycle of approximately 50% among annual and perennial prevailed; the predominant growth habit was the herbaceous one (75%), typical of cerrado vegetation. Other works conducted with other cultures support this result, such as the ones by Albuquerque et al. (2013 Albuquerque et al. ( , 2014 and Oliveira et al. (2015) . In order for the agricultural science professional to have the conditions to recommend the proper type of management in an agricultural property, they have to have basic knowledge about various factors, such as propagation methods, life cycle and growth habits, as well as being able to identify weed species, especially at a young stage.
Among the species found in both planting systems, 60% belong to the Monocotyledon class, where the Fabaceae and Malvaceae families stand out; however, it was the Poaceae belonging to the Magnoliopsida class the one representing the highest number of species in both systems. As for the phyto-sociological parameters, in the conventional tillage system, Digitaria sanguinalis and Ischaemum rugosum stood out, and in the no-till system, Chamaesyce hirta e Paspalum notatum stood out. By the similarity index, it was possible to deduce the similar weed species existing between both management systems, demonstrating high homogeneity.
